A SiO maser survey in the J = 1−0, v = 1 and 2 transitions has been made for IRAS sources in the North Galactic Cap (b > 30 • ) with the Nobeyama 45 m radio telescope. The sources were selected on the basis of their IRAS 12/25-µm and 25/60-µm flux ratios as likely oxygen-rich AGB candidates. SiO masers were detected from 24 out of the 97 selected sources, where 17 were new detections. The distances and heights above the Galactic plane are calculated. The Galactic distribution of detected and undetected stars indicates that metallicity is likely to govern the detection rate. The Galactocentric angular velocities of the subsampled stars are derived and their variation with the Galactic height is discussed.
Introduction
SiO masers have been detected from late-type stars of considerably different types of variability and wide range of mass-loss rates. The widespread occurrence of SiO masers among different classes of Asymptotic Giant Branch (AGB) stars, including those with very low massloss rates (e.g., ∼10 −8 M yr −1 for R Leo, Lane et al. 1987) , indicates that unlike OH and H 2 O, SiO masers are likely to arise from the innermost regions of their circumstellar envelopes. Recent interferometic observations show that SiO masers are indeed located very close to the central star (e.g., Cohen 1989; Miyoshi et al. 1994) . Also, the pumping mechanism for SiO masers proposed by Send offprint requests to: Y. Ita, e-mail: yita@mtk.ioa.s.u-tokyo.ac.jp
Based on observations at the Nobeyama Radio Observatory (NRO). NRO is a branch of the National Astronomical Observatory, an inter-university research institute, operated by the Ministry of Education, Science and Culture, Japan. Deguchi & Iguchi (1976) predicts that the maser beam is directed tangentially to the radial outflows. This implies that the central velocity of the SiO maser line equals the line of sight (l.o.s.) velocity of the star within a few km s −1 accuracy (Jewell et al. 1991; Jiang et al. 1995) . Therefore, it is a powerful tool for investigating stellar radial velocities.
Up to now, SiO maser surveys have been made, for example, toward the Galactic Bulge (Nakada et al. 1993; Izumiura et al. 1994 Izumiura et al. , 1995a Izumiura et al. , 1995b , toward the outer disk of the Galaxy (Jiang et al. 1996) . In spite of the many SiO maser observations, little attention has been paid to stars in the North Galactic Cap. This region is very interesting because one has an easier access to the thick disk population and can investigate the nature of its constituent stars.
In this paper, we present the result of the SiO maser survey of the AGB stars in the North Galactic Cap. Based on this result, we discuss the spatial distribution of the high galactic latitude maser sources. Also, based on the
Source selection
The IRAS Point Source Catalog (IRAS PSC) (IRAS Science Team 1988) is at present still the most comprehensive catalog of IR sources, although more comprehensive all sky NIR survey data, e.g., the Two Micron All Sky Survey, is recently getting available in part. Therefore, stars which satisfy all of the four following criteria
were selected from version 2 of the IRAS PSC, where b is the galactic latitude and f λ denotes the flux density in Jansky in wavelength λ as detected by IRAS. As a result, the sample studied here consists of 97 IRAS sources.
In the direction away from the plane, there are many observational advantages; (1) one has reliable IRAS 60 and 100 µm measurements, (2) interstellar extinction can be reasonably neglected, and (3) there is no point source confusion.
The selected stars are listed in Table 1 , together with their IRAS flux density ratios. Also (l, b) calculated from the IRAS position, IRAS LRS spectral class (LRS), the pulsation periods, and the SiO maser observation results are tabulated.
Observation
The J = 1−0, v = 1 and 2 maser lines of SiO at the rest frequencies of 43.122 GHz and 42.821 GHz, respectively, were observed with the Nobeyama 45 m radio telescope during six sessions, 1998 May, June, 1999 June, and 2000 Apr., May, June. A cooled SIS receiver with a bandwidth of about 0.5 GHz was used. The aperture efficiency of the telescope was about 0.61 at 43 GHz. The half-power beam width (HPBW) was about 40 at 43 GHz.
An acousto-optical spectrometer array of a high resolution (AOS-H) was used. Each spectrometer has a 40 MHz bandwidth and 2048 frequency channels, giving the velocity coverage of about 280 km s −1 and the spectral resolution of 0.28 km s −1 (per two binned channels). For fear of missing high-velocity (|V LSR | > 200 km s −1 ) components, a low resolution (AOS-W) array was also used. This has the velocity coverage of about 1700 km s −1 and the spectral resolution of 1.7 km s −1 (per two binned channels).
Observations were made in a position switching mode, where the off-position was chosen 5 arcmin away from the on-position in azimuth. The antenna temperature of the detection limit was 0.2 K at the 4 σ level. The system temperature (including atmospheric noise) was normally around 200 to 300 K, depending mainly on the weather condition and elevation angle of the antenna. The conversion factor from antenna temperature to flux density was 2.9 Jy K −1 .
The observations were made on the IRAS positions. Regular pointing checks and data calibration were made using the strong SiO maser sources, e.g., R LMi, U Her and W Hya etc. The pointing accuracy was usually found to be better than 10 arcsec.
We judged the detection of the SiO masers by the following criteria.
1. For a narrow spike-type emission, the peak antenna temperature must be greater than 10 σ and the line width greater than 6 channels (1.0 km s −1 ); 2. For broad emission, S/N must be larger than 10; the effective S/N is calculated from the half-power line width (the integrated intensity divided by half the peak intensity) and the average rms noise (corrected for the half-power line width).
Results and discussion

SiO maser detection rate
The SiO maser spectra of detected sources are displayed in Fig. 1 . The observational results are summarized in Table 2 for detected sources and in Table 3 for nondetected sources. In Table 2 , velocity in Local Standard of Rest frame (LSR), antenna temperature, the integrated flux, rms of the noise level and the date of observation in the format, YYMMDD.D are tabulated. In Table 3 , rms of the noise level for each transition and observation date are tabulated. Stars marked "a" on the right shoulder of their IRAS name do not satisfy our selection criteria, but observed in the extra time, and are excluded from the later analysis.
Of the 97 sources in the North Galactic Cap, 16 had already been observed previously and had given 7 detections. Of the 83 sources observed in this survey, 17 detections are new. In total, SiO masers are detected in 24 out of the 97 sources, and the detection rate is about 25%. This value is much less than that of the previous surveys, 56% toward the near end of the Galactic bar (Izumiura et al. 1999) , 62% toward the bulge (Jiang et al. 1995; Izumiura et al. 1994 Izumiura et al. , 1995a Izumiura et al. , 1995b and even less than 35% toward the outer disk (Jiang et al. 1996) even thouth the very similar color selection criteria and the same telescope was used.
This lower detection rate is partly attributed to the decrease of the number of oxygen-rich long-period Mira variables in the direction away from the Galactic plane. Distribution studies in the Galaxy suggest that the intermediate-period (300 d < P < 400 d ) oxygen-rich Miras, that are most likely to emit SiO maser radiation, belong to the thin disk population (Jura & Kleinmann 1992a , 1992b Kerschbaum & Hron 1992) . On the other hand, shortperiod (P < 300 d ) oxygen-rich Miras or Semi-regular variables, that are on average farther from the Galactic plane and less likely to emit SiO masers, belong to the thick disk population (Jura 1994) . 
Detection vs. IRAS properties
From the 45 stars in our sample with LRS spectra, 11 belong to class 1n and 34 to class 2n. In those 45 stars, SiO emission was detected only from class 2n stars (17 out of 34), with one exception (IRAS 17050+1714). It follows that the presence of SiO masers is strongly correlated with the LRS class 2n, which indicates silicate emission at 10 µm.
In Fig. 2 , we plotted both SiO maser detected and non-detected sources on the IRAS two-color diagram. The SiO maser detected stars are concentrated in a small area, the IIIa and VII regions as defined by Van der Veen & Habing (1988) . These areas are characterized by variable stars with circumstellar shells.
In the sample of 97 stars, there are only four with C 12 larger than 0.0 (4%). This fraction is quite low in Table 2 : a : These stars do not satisfy our selection criteria, and excluded from the following discussions.
comparison with the whole IRAS point sources. There are 6353 stars in the IRAS PSC which satisfy our color selection criteria and have f 12 > 3 Jy. Among them, 1080 have C 12 larger than 0.0 (17%). This may be interpreted as an indication that there are only a few massive AGB stars in the present high galactic latitude sample (Kwok 1990 ).
Spatial distribution
We used the following equation to calculate distances,
where L is the luminosity of the star. The bolometric flux F bol is calculated from the IRAS 12 µm flux f 12 and bolometric correction factor BC,
For O-rich stars, BC can be calculated by (van der Veen & Breukers 1989) BC = 0.7 + 2.9e −7.5×C12 + 0.9e 1.75×C12 .
In Eq. (3), C 12 is the IRAS 12 and 25 µm flux density ratio, defined in Sect. 2. The luminosity of each star, L is calculated by using the period-bolometric magnitude relation for oxygen-rich Mira type variables (Van Leeuwen et al. 1997) ,
and by adopting M bol = 4.72 (Zombeck 1982) , where M bol and M bol are the absolute bolometric magnitude of each star and that of the Sun respectively. Pulsation periods have been found for 36 stars in the General Catalog of Variable Stars (GCVS) (Kholopov et al. 1992 ) and these are listed in Table 1 . Their luminosities are calculated from the above equation. The median of the known periods is about 300 days. According to the above relation, a Mira type variable with the period of around 300 days would have a luminosity of about 5000 L . Thus, for the remaining 61 stars, we assumed that they all have the luminosity of 5000 L . Distances derived are tabulated in Table 1 .
Having deduced the distance to the individual stars, we can then calculate the position of the stars in the heliocentric cartesian coordinates and look at their Galactic distribution, as shown in Fig. 3 . There are more stars in the hemisphere towards the Galactic center (68 stars) than the anti-center (29 stars). To some extent, this trend comes from the effect that the number density of the star is falling with the Galactocentric radius. Among the SiO detected 24 stars, 18 are in the hemisphere towards the Galactic center and 6 are in the anti-center (see Fig. 3 middle and bottom). Thus the detection rate is 26% for the inner hemisphere and 20% for the outer one, respectively. However, there seems no such asymmetry in the yz plane (see Fig. 3 top) . The difference in two proportions test showed that this asymmetry in detection rate is meaningful with the 72% confidence level, unfortunately within the statistical error.
The trend for the lower detection rate in the outer Galactic disk could be explained as the number ratio of carbon to oxygen-rich stars increases for larger Galactic radii (Jura 1993) . Jura (1992c) found the remarkable increase of the fraction of carbon-rich red giants in the outer Milky Way. Jiang et al. (1999) concluded that the decreasing sequence of SiO maser population with the galactocentric distance is possibly as a consequence of a variation in the proportion of oxygen-rich variable stars and the galactic metallicity gradient. A decrease in metallicity as a function of Galactic radius has been suggested by Shaver et al. (1983) and the relationship between metallicity and the ratio of carbon to oxygen-rich stars has been reported for external galaxies (Iben & Renzini 1983; Richer 1989) . the metallicity gradient with the Galactic height. Norris & Green (1989) observed a well-defined vertical composition gradient, given formally by [Fe/H] = −0.19 z − 0.16 (z in kpc). The lower metallicity away from the Galactic plane could lead to an increasing number of O-rich stars that turn into C-rich stars easily (Iben & Renzini 1983) .
Galactic vertical kinematics
To investigate the Galactic vertical kinematics, the sample is limited to stars with distance, proper motions and l.o.s. velocities. Distances were derived from the method discussed in the Sect. 4.3. Proper motions were taken from the Tycho-2 catalog (Høg et al. 2000a (Høg et al. , 2000b and stellar identifications were made by matching IRAS positions and catalog positions when they differ less than 10 s of arc. High precision l.o.s velocities were derived for 24 stars from SiO maser observations and for the remaining 73 stars, literature was searched. These data are listed in Table 4 .
The distances, proper motions, and l.o.s. velocities were converted into the space velocity components in the Galactocentric cylindrical coordinates. The azimuthal rotational component in the plane relative to a non-rotating point at the Solar position V θ was calculated. The V θ has been corrected for the peculiar motion of the Sun (u = 8.1, v = 7.4, w = 6.4) km s −1 (Ratnatunga & Arthur 1997 ) and 222 km s −1 (Kerr & Lynden-Bell 1986) as the azimuthal velocity of the LSR. A value of the distance to the Galactic center from the Sun of 8.5 kpc was adopted. Then we calculated the angular velocities (ω) around the Galactic center by dividing V θ by Galactocentric distance of each star.
In Fig. 5 , we plot angular velocity versus Galactic height. If the Milky Way has a discrete thick disk, there should be an extra branch of objects with a different ω−z relation. Because there are some uncertainties in the distance estimation and our subsample may not deep enough to contain much of thick disk population, the existence of some extra streams is not clear.
Conclusions
We have observed color-selected IRAS sources in the North Galactic Cap, in the SiO J = 1−0 v = 1 and 2 transitions, leading to 24 detections, of which 17 were new detections. The detection rate (about 25%) was quite low. This is possibly a consequence of a variation in the Galactic metallicity and hence the decreasing proportion of oxygen-rich long period variables that are most likely to emit SiO masers. No SiO masers were found from the stars with the Galactic height larger than 1.8 kpc in the present survey. We do not find any clear evidence for the existence of the extra branch in the ω−z plane.
